Especially strategies relying on domino reactions forming several rings of the pentacyclic core in a single operation have proved highly successful. These strategies include an efficient radical domino reaction by the Ishibashi group, a stereospecific hydride reduction-iso-Nazarov domino reaction by the Li group as well as an amide acylation-cycloaddition domino reaction by the Gin group. A retrosynthetic analysis of enone 5, the racemate of which has previously been converted into (±)-cephalotaxine (rac-1), reveals an opportunity for an attractive domino sequence not yet explored (Figure 2 , a). 6 Ring D of enone 5 is known to form in an intramolecular aldol condensation of an enolate intermediate 6. 7 Instead of forming this enolate 6 from the parent diketone, we considered expelling the enolate from exo-butenolide 7 following a Parham cyclization to initially form the ring B. We recently disclosed an asymmetric Lewis acid mediated [1, 2] -Stevens rearrangement of proline-derived benzyl derivatives of the type 10, which afforded corresponding quaternary α-benzyl proline derivatives 11 in good to excellent yields (62-85%) and high enantiomeric purity (er >98:2) (Figure 2 , b). 9 We speculated that N-allyl prolineamide 12 might also be a competent substrate for this reaction, and result in α-allyl prolineamide 9 (Figure 2, b) . 10 This would be a powerful method for the installation of the challenging spirocyclic C5 stereogenic center in cephalotaxine (1) at an early stage in the synthesis. This choice of strategy was also backed up by a very informative formal synthesis of rac-cephalotaxine (rac-1) by the Liu group, applying a related [2, 3] -Stevens rearrangement.
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Conditions optimized for the N-benzyl rearrangement (BBr 3 , then Et 3 N) gave only traces of α-allylated product 9 in both dichloromethane and toluene as solvents. 9 Gratifyingly, replacing triethylamine with DBU improved the yield to 73% of α-allylated prolineamide 9 (er 94:6). 12 In contrast to the [ 
15.
Subsequent N-alkylation of 9 with iodonosylate 16 afforded 8 in 83% yield (Scheme 2). 15 The high stability of the amide group in α-quaternary dimethylamides such as 9 and 8 can pose problems due to the relatively forcing conditions required for their hydrolysis. 9 We were therefore pleased to find that the Treatment of iodide 7 with variety of metalating agents (t-BuLi, n-BuLi, mesitylLi, i-PrMgCl·LiCl) at -100 °C in THF and allowing the reaction mixture to warm to room temperature resulted in near full consumption of 7 forming complex mixtures with varying amounts of diketone 20, but only traces of desired enone 5 (Scheme 3). Attempts at chancing the solvent to heptane/THF led to no improvement, nor did additives such as TMEDA, t-BuOH or MeOH. 18, 19 At best, the desired enone 5 was obtained in 9% isolated yield (nBuLi, THF, -78 °C, 2 h, warmed to room temperature and heated to 50 °C for 20 min). Furthermore, screening addition rates, reverse addition and reaction temperatures led to no significant improvement.
These setbacks led us to analyze our proposed reaction mechanism in closer detail. The first step, lithiumhalogen exchange to give 18 was clearly taking place as 7 was consumed. Also, indicative of the Parham cyclization, we could isolate varying amounts of the diketone 20 where the B-ring had been formed. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 conditions to react further. 20 With this insight at hand, we repeated the most successful reaction sequence (n-BuLi, -78 °C, 2 h, warmed to room temperature) and then added sodium methoxide (1.0 equiv., 0.5 M in methanol) before heating to 50 °C to break the postulated chelate 19, and to produce the more reactive sodium enolate 6. Thankfully, with this modification enone 5 was isolated in a 58% yield (er 91:9). 21 The slight loss in enantiopurity in 5 (94:6 of 9 to 91:9 of 5) can be assigned to partial scrambling at the C5 stereogenic center via a retro-Mannich-Mannich sequence. 22 Under the one-pot conditions, sodium enolate 6 can form via two pathways: 1) methanol quenching 19 into a transient ketone 20 which reenolizes to 6 with NaOMe or 2) direct transmetallation of 19 to 6. As a control experiment, adding solid anhydrous NaOMe instead of a methanolic solution, the yield of 5 remained the same (52%). In this case no protic solvent is available to quench enolate 19, showing that direct metal exchange from 19 to 6 is also taking place. The pathway from 20 to 5 is also known in the literature, and with methanolic sodium methoxide the cascade from 19 to 5 likely proceeds via both pathways. In summary, we have achieved an enantioselective 6-step synthesis of 5, the pentacyclic core of cephalotaxus alkaloids, starting from commercially available L-prolineamide 13. In conjunction with a novel resolution mass spectrometric data were measured using Waters QTOF XEVO-G2 spectrometer. Microwave reactions were carried out using Biotage Initiator EXP EU microwave reactor rated at maximum power output of 400 W with the magnetron running at 2450 MHz using an external surface sensor. Kugelrohr distillations were carried out using Büchi GKR-51 bulb-to-bulb distillation unit cooled with dry-ice.
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(S)-1-Allyl-N,N-dimethylpyrrolidine-2-carboxamide (12). To a solution of N,N-dimethylprolineamide (13)
(500 mg, 4.38 mmol, 1.0 equiv.) in acetonitrile (2 ml) allyl bromide (640 mg, 450 µL, 5.3 mmol, 1.2 equiv.) was added at 0 °C. The resulting solution was heated using a microwave reactor (100 W, 120 °C) for 5 min, allowed to cool to rt, and quenched with aqueous 2 M NaOH (10 ml). The resulting biphasic mixture was extracted with EtOAc (3 × 5 ml) and the combined organic layers washed with brine (10 ml), dried with 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Mosher derivatization: To a stirred solution of amine 9 (30 mg, 0.21 mmol, 1.0 equiv.) in dichloromethane (1 ml), DIPEA (25 µL, 18.3 mg, 181 µmol, 2.2 equiv.) followed by (R)-(-)-MTPA-Cl (11 µL, 12.7 mg, 1.1 equiv.) was added at 0 °C. The resulting solution was warmed to 40 °C for 16 h and after full consumption of starting material allowed to cool to room temperature. The reaction was quenched with aqueous saturated NaHCO 3 (1 ml) and extracted with dichloromethane (3 × 1 ml). The combined organic layers were dried with anhydrous Na 2 SO 4 and concentrated in vacuo. The crude was analyzed using 1 H NMR for a dr of 94(RR):6(RS).
(R)-2-Allyl-1-(2-(6-iodobenzo[d][1,3]dioxol-5-yl)ethyl)-N,N-dimethylpyrrolidine-2-carboxamide (8).
A beige suspension of amine 9 (294 mg, 1.90 mmol, 1.00 equiv.), nosylate 16 (1.0 g, 2.1 mmol, 1.2 equiv.) 22 and K 2 CO 3 (790 mg, 5.70 mmol, 3.00 equiv.) in acetonitrile (10 ml) was refluxed for 13 h. The resulting mixture was cooled to rt, filtered through a fritted funnel and the filter cake washed with thoroughly with EtOAc (3 × 3 ml). The combined filtrates were concentrated under reduced pressure. The crude product was purified by flash column chromatography (35% EtOAc/heptane) to afford iodide 8 as a yellow oil (724 mg, 83%). R f = 0.31 (30% EtOAc/heptane, UV, KMnO 4 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 warm to rt and after 16 h quenched with aq. sat. Na 2 SO 3 (7 ml) and basified with 2 M NaOH (5 ml EtOAc (20 ml) and brine (10 ml). The layers were separated and the aqueous layer was extracted with EtOAc (3 × 10 ml). The combined organic layers were dried with anhydrous Na 2 SO 4 , filtered and concentrated. The residue was purified using flash chromatography (EtOAc) to afford 5 as an off-white amorphous solid (7.7 mg, 58% 283.1286; Δ = 0.1 mDa. HPLC: Chiralcel IA, 15% 2-propanol/hexane, 0.5 mL·min -1 , rt, λ=254 nm, t R (R) = 10.9 min, t R (S) = 12.7 min.
SUPPORTING INFORMATION
Chromatograms for 5 and 1 H and 13 C NMR spectra for all new compounds.
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